Isolation of halogenated monoterpenes from bioreactor-cultured microplantlets of the macrophytic red algae Ochtodes secundiramea and Portieria hornemannii.
Field collections of the red macroalgae Ochtodes secundiramea and Portieria hornemannii exhibit site-to-site variations in halogenated monoterpene (HMT) content. In contrast, microplantlets of O. secundiramea and P. hornemannii established through cell and tissue culture techniques had remarkably similar HMT profiles when cultivated in a photobioreactor under identical, controlled conditions. Both algae shared Apakaochtodene B (6) as the only cyclic HMT, 10E-bromomyrcene (3) and 10E-bromo-3-chloro-alpha-myrcene (4) as the dominant acyclic HMTs, and myrcene (1) as their common precursor. Furthermore, HMT yields were comparable between organisms (0.9-1.3 micromol/g dry mass of 6; 3.4-4.4 micromol/g of 3). P. hornemannii microplantlets also contained 7-chloromyrcene (9) as the dominant compound (37-73 micromol/g), suggesting additional chlorination capacity. Proposed pathways for HMT biosynthesis shared by P. hornemannii and O. secundiramea microplantlets possessed two common manifolds: (a) bromonium ion (Br(+))-catalyzed cyclization of 1, followed by chlorination to yield 6; (b) Markovnikov addition of Br(+) at Delta(6,10) of 1 to yield 3 with a marked selectivity (>50:1) for the E isomer, followed by chlorination of 3 to 4. This study demonstrated that bioreactor tissue culture is a new venue for bioprospecting and production of natural compounds from marine macroalgae under a controlled environment.